This report describes the design and conduct of two sequential historical prospective morbidity surveys of workers and residents from the Upper Ottawa Street Landfill Site in Hamilton, Ontario. The workers study was carried out first and was a hypothesis-generating study. Workers and controls were administered a health questionnaire, which was followed by an assessment of recall bias through medical chart abstraction. Multiple criteria were used to identify health problems associated with landfill site exposure. Those problems with highest credibility included clusters of respiratory, skin, narcotic, and mood disorders. These formed the hypothesis base in the subsequent health study of residents living adjacent to the landfill site. In that study, the association between mood, narcotic, skin, and respiratory conditions with landfill site exposure was confirmed using the following criteria: strength of association; consistency with the workers study; risk gradient by duration of residence and proximity to the landfill; absence of evidence that less healthy people moved to the area; specificity; and the absence of recall bias. The validity of these associations were reduced by three principal problems: the high refusal rate among the control population; socioeconomic status differences between the study groups; and the fact that the conditions found in excess were imprecisely defined and potentially interchangeable with other conditions. Offsetting these problems were the multiple criteria used to assess each hypothesis, which were applied according to present rules. Evidence is presented that supports the hypothesis that vapors, fumes, or particulate matter emanating from the landfill site, as well as direct skin exposure, may have lead to the health problems found in excess. Evidence is also presented supporting the hypothesis that perception of exposure and, therefore, of risk, may explain the results of the study. However, based on the analyses performed, it is the conclusion of the authors that the adverse effects seen were more likely the result of chemical exposure than of perception of risk.
Introduction
From the early 1950s until it was closed in 1980, the Upper Ottawa Street Landfill Site in Hamilton, Ontario, received a large variety of domestic and commercial waste, as well as solid and liquid industrial wastes (1) . By the mid-1960s, as much as five truck loads a day of industrial waste were being received by the landfill. However, the annual tonnage increased markedly during the 1970s. Available records suggest that at least 25 In response to public concern (3,4), a Study Committee was established by the Ontario Ministry of Health in 1980 which attempted to determine from records what was buried in the landfill itself; examine the environment around the landfill for chemicals; and examine the health of workers and residents to determine what ill health effects, if any, might be attributable to exposure to landfill chemicals.
The complex toxicology of the landfill and the subjectiveness of the residents' perceived complaints made it difficult to identify a short list of health problems of particular interest. The nature and potential intensity of chemical exposures could not be reliably reconstructed through a multidisciplinary evaluation including botanic, hydrogeological, geophysical, engineering, and chemical toxicologic studies. However, a variety of compounds were ultimately indentified in the landfill that were known respiratory irritants, neurotoxins, and skin irritants or sensitizers in the industrial context. Identification and follow-up ofthe residential population was expected to be complicated by a high rate of migration to and from the housing developments adjacent to the landfill site. Some of the health problems of concern, in particular those related to birth defects, were expected to be too uncommon for adequate study power to be achieved among a population living sufficiently close to the landfill site to be deemed exposed.
It was decided that a morbidity survey of landfill workers would precede a study of the residents. The workers represented a potentially high dose exposure subgroup, and might have been particularly vulnerable to any potential health impact associated with exposure to the landfill. Apparent increases in specific morbidity found in a workers' study could receive special attention in the residents' study, thereby mitigating the multiple comparisons problem inherent in the analysis of a general morbidity survey. If consistent results were found on two separate health surveys with different designs, the surveys might be more credible than one study that combined workers and residents in one protocol.
Those health problems found in excess among the workers were rated as high, moderate, or low credibility depending upon whether the association between landfill exposure and the health problem met certain criteria (specified in Table 9 ). Those associations with high and moderate credibility formed the main hypotheses that were tested in the residents' health survey.
Morbidity surveys are commonly conducted in situations similar to this (5) . Such surveys have raised concerns within the scientific community regarding the interpretation of both positive and negative findings (6) (7) (8) . Some investigators have argued that they cannot help define etiologic associations in relation to liquld waste disposal unless certain preconditions are met. These have been summarized separtely by Landrigan (6) , Heath (7) , and Anderson (8) and ar paraphrased as follows: the nature and quantities of the major environmental emissons from the site should be known; the probable routes of human exposure (transcutaneous, inhalation, or ingestion) should be defined; individual exposure estimates should be definable or biologic assessments of absorption conducted; and high risk subpopulations should be defined prior to study.
These expectations create a dilemma, since each depends upon the existence of prospectively collected, high quality exposure information that is never available. Instead, analysis of landfill contents, hydrogeological surveys, or scrutiny of the waste production records of companies using the landfill may be attempted to help reconstruct exposures. Where sites were owned or operated for the use of specific companies or industries, this process might succeed in identifying specific substances with known toxicities, from which target health problems could be identified (9) . However, when a site was used for multisource dumping, indeterminate quantitites of large numbers of chemicals will likely be identified. Thus, specific causative hypotheses may be harder to generate (10) , and the specified conditions for epidemiologic study may not be met.
Failure to meet these conditions does not reduce public concern regarding possible health effects, and the potential is great for a conflict between public perceptions and scientific needs (11) . A pragmatic approach needs to be taken that provides the best documentation of health status possible under the constraints imposed by the situation.
In the absence of high quality exposure information, investigators have used duration of residence and proximity to exposure source in place ofindividual estimates of chemical-specific exposure, and have used nonspecific health indicators as outcome variables (9, 10, 12, 13) . Careful selection of such indicators and adoption of strategies to avoid subject recall biases will help overcome validity problems.
Suggestions for appropriate nonspecific indicators include both clinical and pathologic outcomes. Among the clinical outcomes, reproductive and developmental effects (10, 12) , cancer (12) , respiratory and skin problems (9, 12, 13) , irritant symptoms (9, 12, 13) , and neuropsychological deficits (12, 14) have received the most attention. Those health problems that are long-tern, most serious, or potentially most clinically distinct may be too rare to achieve acceptable study power, since populations exposed to landfils, unlike occupational cohorts, often include few long-term or high-dose individuals (6) . Studies that confine themselves to such outcomes will therefore be uninterpretable if they give negative results. Studies confined to common respiratory, irritant, dermal, or neuropsychological problems will tend to lack credibility if they are positive, since recall biases, the health effects of lifestyles and occupation, and problems with the relability and biologic relevance ofsymptom histories will threaten their overall validity.
Surveying markers of environmental pathology has been raised as a theoretical solution to the difficulties posed by clinical markers. Markers may be grouped by pathologic process and organ-system (10, 14, 15) or by exposure (16, 17) . If markers of exposure-specific, chronic disease were able to identify a larger at-risk subpopulation than would be possible using the disease itself, the problem of low study power 
Materials and Methods
Study Subjects. On-site employees included scalemen, security guards, heavy machinery operators, waste testers, liquid waste solidification plant attendants, and supervisors, whose jobs ended with the closing of the site in 1980. Sewer and water works personnel had on-site storage facilities at the landfill which continued to be used after the site was closed. Altogether, there were 66 regional employees in these nine categories. City employees (102 in all) worked at a works yard adjacent to the landfill including garbage men who unloaded at the landfill several times a day. Twentytwo salvage pickers were licensed to follow garbage trucks onto the landfill and recover paper, metal and wood directly from the dumpface. Seven firefighter instructors worked seasonally at a firefighter training center which was also adjacent to the landfill. In general, on-site employees and salvage pickers were potentially exposed through inhalation and direct contact while city employees and firefighters were potentially exposed through inhalation only. A cohort of 176 live and 21 deceased workers was identified who worked at any time between 1965 and the site's closure in 1980.
Controls. The City of Hamilton and four other municipalities within the Region of Hamilton Wentworth provided names of streets and sanitation workers with no known landfill site exposure or regular exposure to herbicides and pesticides, and with names of retired outdoor workers. In all, 235 useable names were supplied of those ever working between 1965 and 1980.
Employer assignment of workers to landfill or nonlandfill work generally occurred after hiring and suitability for outdoor work was determined. Therefore, the control groups likely shared with the exposed workers any health-related selection factors that lead to outdoor work. Moreover, the wage scales ofthe two groups were similar because of the overlap between collective bargaining units. Because of the heterogeneous nature of the exposed group, and a lack of age information from available records, one-to-one matching was not feasible. Post-hoc matching was not considered because of the loss of power expected from a large number of unmatchable respondents. As well, information regarding start, dates and specific job details was lacking for both exposed workers and many controls, so self-reported work histories were used throughout the study.
Questionnaire Design and Administration. Items on the questionnaire covered concerns raised from three sources: the health problems found in excess on an informal survey done by residents; a summary of the inherent toxic properties of more than 100 substances tentatively identified in the air, water, and soil at the landfill (19) ; and certain groups of conditions commonly associated with exposure to toxic industrial substances, such as respiratory and skin conditions, irritant symptoms, and narcotic and anesthetic effects. Items not thought to be related to environmental exposures were included to distract respondents from items ofparticular relevance, and to find out whether potential differences in health status were confined to environmentally related health problems. No information was collected on the use of prescription or illicit drugs. Respondents were asked to give the year in which each health problem began, and whether or not it had persisted until the time of interview.
An interviewer-administered format was selected instead of a telephone interview because of the length and complexity of the questionnaire. Pre-tests were completed on 13 workers from two other landfill sites in southern Ontario.
Interviews were conducted in respondents' homes during the spring of 1983 by professional interviewers experienced in dealing with sensitive issues. Because of the publicity surrounding the landfill site, the interviewers could not be kept blind to the respondents' exposure status. Instead, interviewer bias was minimized by not informing the interviewers of the difference between target and distractor items on the questionnaire.
Medical Chart Abstraction. Subjects' family physician records were searched to confirm self-reported health problems in order to measure the potential reporting bias from the exposed workers. The possibility of such bias might have been increased by the subjective nature of many of the health problems and by the long recall period.
Four nurses conducted a pilot study of medical abstraction on 18 respondent medical charts. This exercise demonstrated that family physician records were sufficiently comprehensive for the abstraction study, but that it was not feasible to abstract each respondent's medical chart for all 120 health problems on the questionnaire in a fashion that would preserve abstractor blindness. Two feasible approaches were identified. In the first, abstraction would be confined to those health problems reported by a respondent. Abstractors would be unblinded to the health reports of respondents, but would be able to use all their medical knowledge in evaluating the relationship between the physician records and the individual self-reports. In the second, abstraction would be confined to a randomly selected list of health problems. In this case, the abstractors could be blinded to the respondents' self-reports but many health problems would be left unabstracted. The former approach was used in this study. Abstractor bias was reduced by blinding the nurse abstractors to the exposure status of the study subjects. In the residents study the latter approach was used.
Nurse abstractors were required to determine whether each health condition could be confirmed, possibly confirmed, or not confirmed in the physician's chart and to provide evidence for their decision. They were given nine descriptions of the possible relationship between the information in the medical chart and the self-reported complaint. Two of the descriptions represented confirmation, four represented possible confinnation, and three represented nonconfirmation. The abstractor was required to report each condition by the most appropriate of the nine categories. This approach to chart abstraction allowed us to calculate the proportion of confirmed, possibly confirned, and nonconfirmed among reported conditions and thus, to compare overreporting between the exposed workers and controls in a search for recall bias. The approach to medical chart abstraction on the residents' study allowed estimation of both over-and underreporting biases.
Nonconfirmation of a condition does not necessarily mean respondent overreporting. Inadequate physician record-keeping or poor communication between specialists and family physicians could have resulted in apparent overreporting. It has been assumed that the quality of record-keeping was equal among the physicians of each group, so that there would not be a bias imposed by apparent overreporting. If correct, then an analysis of the relative proportions of nonconfirmed events would be a valid method to assess recall bias.
Main Analysis. Analysis was confined to individual health conditions and organ-system groupings where there was a 50% or greater difference in the crude incidence between exposed workers and controls, and at least 15 events in total. All biologically plausible confounders were then included in Cox proportional hazards models (20) of each of these health conditions.
Risk time began with the year of first exposure at the landfill for all exposed workers. For those who worked there before 1965, 1965 was taken as the first year at risk. Controls' risk time began with the first year of the job that qualified them for the control group, or 1965, if they began work before that year. Followup continued until the year of interview (1983), regardless of whether or not the individual had left the job. Only first incident events occurring after first exposure to the landfill site or the analogous municipal/city job in the control group were included in the analysis. All events prior to 1965 were excluded. When organ system groups of health conditions were analyzed, only the first eligible incident event within the group was counted. Those reporting first events prior to exposure did not contribute risk time to the analysis. Exposures to chemicals and other toxic agents throughout the respondents' working lives were included as potential confounders in appropriate analyses. Each condition was analyzed using three inclusion criteria. ANALYSIS 1. All self-reported events were included except those where the individual had reported seeing a physician and no evidence of the condition could be found on the physician chart. In such cases, personyears were contributed up to, but not beyond, the date of self-reported illness. Events reported by those refusing chart abstraction were also included. ANALYSIS 2. All events which were not confirmed or possibly confirmed on medical chart abstraction were excluded. This meant that information from those refusing chart abstraction, those who did not see a physician, or who saw a physician uncontacted by us, was excluded. ANALYSIS 3. Only those events which were confirmed on medical chart abstraction were included.
This approach allowed data relating to recall bias to be incorporated into the analysis. Analysis 1 was most statistically powerful, but most subject to bias. Analysis 3 was least statistically powerful, but least subject to bias. The relative risk for each analysis was derived from the exponent of the hazard function in the Cox model.
Subanalyses. Subanalyses evaluated temporal relationships between symptom onset and workplace exposure patterns, as well as dose-response gradient by those working directly on-site, adjacent to the site, and controls.
Analysis by time period addressed the question: did the onset of conditions in the main analysis tend to occur during the time period when it was thought that the largest volumes of waste were being disposed of at the landfill? If the conditions of interest were related to short-term exposures and did not involve a long followup period before onset of symptoms, intensity of exposure should have corresponded with concurrent risk.
A descriptive analysis was conducted to identify the conditions whose maximum risk offirst onset was during either (the period of rapidly increasing volume of disposal) or 1976-80 (the period of maximum disposal). These were the periods of greatest potential environmental exposure, while (a period of presumed low volume disposal) and (the period after the site was closed) were periods of lower potential (21) . The income differences seen between our study groups do not put them in different income quintiles and gave us little cause for concern. There were some differences in educational attainment as well. Grade 8 was not completed by 18 Table 2 include all individual health conditions or biologically related clusters of conditions where there was a 50% or greater difference in the incidence (not adjusted for age or follow-up time) between exposed workers and controls and at least 15 eligible events in total. In all cases, the cumulative incidence among the exposed workers was greater than the controls. Analyses 1, 2, and 3 were conducted using the rules described previously. The following relationships were observed:
There was a consistent association between reports of chronic bronchitis, daily cough, and combined respiratory complaints with landfill site exposure, irrespective of the exclusion of unconfirmed self-reports.
Preliminary analysis indicated that exposed-control differences existed both for smokers and nonsmokers. No between-group differences were noted for other respiratory problems such as asthma or pneumonia.
There was an association between the combined skin variable and landfill site exposure, irrespective of the exclusion of unconfirmed self-reports. This association was weaker than that with the respiratory group.
Strong and consistent associations were found be- tween mood symptoms (anxiety, depression, insomnia, proportion of these symptoms reported to a physician irritability, and restlessness) and narcotic symptoms or confirmed by medical chart abstraction.
(headaches, dizziness, lethargy, balance problems) with A consistent, though biologically unexplained, assolandfill site exposure, irrespective of medical chart ab-ciation between arthritis and landfill site exposure was straction status.
identified, irrespective of medical chart abstraction staThe analysis ofthe association between irnitant symp-tus. It should be noted that the relative risk did not toms and neuromuscular symptoms with landfill site ex-exceed 2.00. posure was limited as a result of the relatively small An association of angina and heart attack with landfill site exposure was seen in analysis 1, but the association lost its statistical significance when only medical chartconfirmed events were considered in analysis 3. No association was found between landfill site exposure and several major chronic health problems not thought to be related to toxic chemicals. These included high blood pressure (crude incidence in exposed workers equalled 20.7%, in controls, 15.3%), stroke (1.4%, 1.8%), diabetes (2.7%, 2.4%), gall bladder disease (2.1%, 1.8%), and stomach ulcer (6.8%, 6.3%). No associations were seen between landfill site exposure and any gastrointestinal, hematologic, or genitourinary conditions.
Time Patterns. Table 3 shows the conditions by period of maximum relative risk and the magnitude of the relative risk using all eligible events from analysis 1. The conditions tended to cluster in the 1970-75 and 1976-80 periods, with the 1970-75 period predominant. Two conditions were clustered in the 1981-83 period: red, itchy eyes and tremors, cramps, and spasms. Concurrent exposure would likely be required if landfill exposure were to have led to red, itchy eyes, so the credibility of this association is reduced. A possible latent effect of landfill exposure on the development of tremors cannot be excluded. The combined respiratory and combined skin groups clustered in the 1965-69 period, despite the fact that the principal contributing conditions to both groups clustered in the period. This is a statistical artifact based on counting the first event within each group and does not reduce the credibility of these associations.
Risk Gradient with Duration ofExposure and Time Since First Exposure. Table 4 identifies maximum relative risks by time period since first exposure using analysis 1 methods of counting events. Three time periods were used: 0 to 5 years, 6 to 10 years, and 11 to 18 years since first exposure. The onset of most conditions tended to cluster in the first 5 years since ex- aA relative risk of inf (infinity) indicates a situation in which there were some events in the exposed group but none in the controls. Before we would accept this as indicating the period ofhighest relative risk, it had to meet the criterion of at least five events in the exposed group. If there were fewer than five events, the period was not considered, and instead the period of highest relative risk in which there were at least some events in both groups is indicated in the table. posure. The four conditions whose period of maximum relative risk occurred 6 to 10 years after first exposure included two (tremors, cramps, spasms; and red, itchy eyes) that also clustered in the 1981-83 period, and one (combined cardiac) that is highly age dependent. Risk Associated with On-Site Exposure Versus Exposure Adjacent to the Landfill. The exposed workers were divided between those who worked directly on the landfill site and those who worked at the city works yard or firefighter training station adjacent to the site. In the absence of valid individual exposure data, this distinction represented the best available index of intensity of exposure and was not confounded by differing age distributions. Table 5 shows the gradient of risk associated with on-site exposure, exposure adjacent to the landfill, and nonexposure. Linear trends were demonstrated for chronic bronchitis, daily cough, mood and narcotic symptoms, as well as for muscle weakness in arms and legs, and the combined respiratory variable. Evidence of a monotonic increase in the incidence rate of the combined skin variable was also evident, but did not achieve conventional levels of statistical significance.
Reproductive Health. Ten percent of exposed husbands and 6.7% of controls reported being unable to initiate a pregnancy after one year of attempting to conceive (p = 0.33). Eighteen spontaneous abortions (19.1%) were reported by exposed workers and eight (10.5%) among unexposed (p = 0.12). Problems with spouse recall, identification of spontaneous abortions, and denial of infertility make interpretation of these nonstatistically significant trends difficult. No stillbirths occurred among the pregnancies beginning after first exposure at the landfill. Three birth defects were reported among 94 offspring of exposed workers who were born after the workers' first exposure (i.e., one hearing problem, one kidney/bladder problem, and one large birth mark). Four birth defects were reported among 76 offspring of controls born after first exposure to the job that qualified them for the study (i.e., one muscular dystrophy, one hemangioma, one hip displacement, and one toe deformity). Mortality. Twenty-one exposed workers died between 1965 and 1983, of whom 20 were found in the Ontario Death Registry. Their identities were verified by occupation and address at death and analyzed using the standardized mortality ratio (SMR) approach (Table  6 ). The expected deaths are derived from the cause-, age-, sex-, and year-specific death rates among all Ontario males. We assumed that all deceased workers began work before 1965, and therefore contributed maximum person-years at risk before death. A healthy worker effect is reflected in the all causes SMR of 88, based on reduction of cardiovascular and other causes of mortality. A nonstatistically significant trend to increased respiratory mortality from cancer and noncancer causes is noted. Because of the low power of this analysis, it could not be concluded that landfill site exposure had not conferred a mortality risk on those exposed. However, no statistically detectable risk was evident by 1983.
Quality of Self-Reported Health Histories. Table  7 shows the rate of confirmation for the time periods before (up to 1977) and after the beginning of intense public concern about the landfill. Betweengroup differences in the distribution of confirmed, possibly confirmed, and not confirmed events were not evident in either time period. However, the proportion of not confirmed events rose 9.9% in the exposed group and 4.8% in the controls after the onset of publicity. Table 8 examines the conditions in the main analysis where a physician visit was reported. This table includes events that occurred both before and after first work at the landfill site, while analysis 1 in Table 2 includes events that were not subject to medical chart abstraction. Therefore, the numbers in Table 8 are not quite the same as those in Table 2 . None of the conditions of interest showed trends to overreporting among the exposed workers, but narcotic symptoms were relatively overreported among the controls. If the exposed workers were more concerned than controls about their health as a result of landfill site exposures, it would be anticipated that they would see physicians for their health problems more readily than controls. There was no evidence of an increased rate of self-reported physician attendance for the exposed workers compared to the unexposed when conditions were analyzed by organ system. In general, the trend was toward increased physician attendance among the unexposed. Only one nurse abstractor noted a case where a physician reported that a workers' visit was due to concern about landfill site exposure.
Overall, the data suggest that overreporting rates were unbiased between groups, and that knowledge of landfill site exposure did not increase physician utilization. Underreporting could not be assessed from these data. However, confirmation from medical charts was Table 9 summarizes the credibility of each association between landfill site exposure and the health conditions, according to criteria which could be met by the available data. The associations with the highest overall credibility include chronic bronchitis, daily cough, combined respiratory problems, narcotic symptoms, and mood disorders. An intermediate level of credibility was evident with difficulty breathing, skin rash, combined skin problems, and muscle weakness. Associations with cardiac disorders; arthritis; red, itchy eyes; and tremors, cramps, and spasms were of low credibility. posed workers. Landfill workers from sites outside the area would not experience the same ambient air pollution at work as the exposed workers. This is important in the Hamilton Wentworth area, where air pollution has been a public health concern. Also, the feasibility of blinding medical chart abstractors to the exposure status of out-of-town study subjects would have been drastically reduced.
The problem of the 13% difference in response rate between exposed workers and controls leaves open the possibility that some or all of the results may have been explained by volunteer bias alone. However, interview refusals by both exposed and control subjects were primarily for non-health related reasons. In order to explain away the relative risks of 2.0 or greater found among the high credibility associations, the incidence ofthe complaints ofinterest among the refusing controls would have had to have been much greater than among the refusing exposed workers.
Finally, alcohol intake and smoking patterns were similar between groups. Differences between controls and exposed workers were most marked for exposures to industrial toxins. In general, adjustment for these exposures did not change the magnitude of the relative risk. In the case of skin disorders, adjustment for exposure to fumes and gases did slightly increase the relative risk.
Residents Study
The high and moderate credibility conditions from the workers study are presented in Table 10 . Beside them are the corresponding items from the residents study questionnaire which served as the primary hypotheses for this latter study. Secondary hypotheses included other items that might have been expected to be related to landfill site exposure on the basis of biologic plausibility, but did not emerge from the workers study.
This report is confined to adults, that is, those over age 16 at the time of first residence at the landfill or the control community.
Materials and Methods
LandfiU Area Residents. Available records suggested that 1976-80 was the period of highest volume disposal of industrial waste at the landfill and so was selected as the exposure window. During 1980, the site was closed to disposal, and was capped late in the year. Residence time prior to 1976 was counted as exposed time for those who moved into the area before then, but those who lived in the area and moved out before 1976 were excluded from the study.
Six groups of landfill area households were selected for health survey interviews, based on tax assessment records. They were: (a) those living 250 to 500 meters from the edge of the dumpface at the time of interview who had been resident there for 3 or more years between 1976 and 1980 (1000 series) (Table 11) There were no data available documenting commu- would require 950 to 3000 childbirths among both exposed and controls groups. A household interview sample large enough to guarantee this many childbirths could not be found adjacent to the landfill. Ultimately, a sample of 614 houses were identified in the 1000 to 4000 series (Table 11) . Assuming an 80% response rate and 1.3 childbirths per household following first residence at the landfill, this sample size would have allowed 80% power to detect a relative risk of 3.0 for all birth defects.
Controls. Control selection was designed to achieve comparability in family size, age distribution, and socioeconomic status, since these factors would likely correlate closely with occupational and personal health risk factors that could confound the outcome of the study. Identification of an acceptable control community was hampered by several factors. Since the Upper Ottawa Street Landfill Site area was developed during the mid1970s, it was necessary to restrict the search for controls to other newly developed communities. In addition, the Landfill Site community was spread out over four census tracts and eight Hamilton Planning Department neighborhoods. However, only 20 to 75% of each census tract and 0.5 to 34.0% of each planning neighborhood fell within the study area. Thus, data routinely collected by tract and neighborhood on family size, occupation, and income were unhelpful in identifying a control community.
As an alternative, information on house size, type, building dates, and resale value provided by the planning department and real estate board were used as surrogates for family size, age, and socioeconomic status. Thus a control community was identified in the same air pollution region as the landfill site. Resale values of houses within the two areas for August, 1983, were available. Thirty-three houses in the landfill area had sold for an average of $75,840 (range $54,500-$99,900). In the control community, 18 houses sold for an average of $74,570 (range $48,500-$104,900). Table 11 shows control households from tax assessment rolls divided into two subgroups: the 5000 series and the 6000 series. The 5000 series is composed ofthose who lived in the control area for less than 3 years during 1976 to 1980. Their duration of residence is comparable to landfill residents in the 2000 and 4000 series. The 6000 series is composed of those who lived in the control area for 3 or more years between 1976 and 1980. Subjects in the 5000 and 6000 series were current residents at the time of interview. Migrators (analogous to the 8000 series) were not sampled from the control community because the assessment rolls revealed a very low rate of emigration. Similarly, too few control area residents moved in after 1980 to form a group comparable to the 700 series.
The ratio of 5000 to 6000 series households (1:2.7) was lower than the ratio for 2000 plus 4000 series to 1000 plus 3000 series households (1:1.1). Therefore, it was clear from the outset that the control community had a higher proportion of long-tern residents and was less migratory than the landfill site community. b Includes 32 households originally assigned as 1000 through 4000 series who were found at a new address outside the landfill area.
Questionnaire Design and Administration. The questionnaire was designed for administration to the female head of household who would report on behalf of each family member. The workers study questionnaire served as the starting point for the residents questionnaire. Feedback from the interviewers was available to help revise it as appropriate. Preliminary results of the workers study suggested that specific respiratory, dermal, and neurological conditions might ultimately emerge as main hypotheses from the workers study. The corresponding sections in the residents questionnaire were strengthened. Questions were borrowed from the Respiratory Standardization Questionnaire to supplement the existing respiratory questions; items regarding body distribution and qualifying phrases regarding frequency and severity of symptoms were added to the dermal section. Qualifying phrases were similarly added to the neurological sections. Sections on pregnancy history, maternal risk factors, and outcome were developed de novo for the residents study. A list of congenital anomalies was adapted from that used by Frank and Corey (22) .
The questionnaire was pretested on the households of 33 former residents who had lived between 500 and 750 meters from the landfill for less than 3 years from 1976 to 1980. These individuals were excluded from the tabulation of 8000 series residents found in Table 11 . Feedback demonstrated that questions from the Respiratory Standardization Questionnaire were found lengthy, annoying, and redundant, and so many were deleted.
Interviews were conducted in-home because of the need for access to the female head of household (who was frequently a homemaker) for an hour or more. When the female head was unavailable, the interviewer called upon alternate individuals according to a preset hierarchy given to them by the study team. Publicity surrounding the landfill site and the study precluded the possibility of blinding exposed respondents to the purpose of the interview. However, an attempt was made to conceal the principal objectives of the study from the controls. The letter of introduction said the purpose of the interview was "to study the health of persons who live at various distances from the Upper Ottawa Street Landfill Site." Because the control community was less than 5 miles from the landfill, we thought it possible that controls might not identify themselves as unexposed. If this were so, recall biases might be reduced, while at the same time, response rates might be enhanced.
Interviewers were blind to the hypotheses being tested and were unaware of which questionnaire items were distractors. Interviewers were each assigned a mixture of households from different subgroups. An informal survey of interviewers after the field work was completed revealed that no distinct impressions or theories of cause and effect had emerged among them.
Multiple call-backs were used in all situations where initial interview contact met with refusal or no answer. All initial refusals, multiple delays, or failures to keep an interview appointment were logged by the interviewers and screened for reassignment and recontact. Thirty-six percent ofthe refusers recontacted as a result of the screen agreed to be interviewed. When households were not found at the assigned address, an attempt was made to find the family through drivers license records, local contacts, and leads picked up by the interviewers. Usually this resulted in a household in the 1000 to 4000 series being reassigned to the 8000 series.
Data Analysis. The overall analytic strategy was to assess the strength of association, consistency with the workers study, and gradient ofresponse by duration of exposure through comparisons between current landfill residents who were present between 1976 and 1980, and controls. Analyses involving the other subgroups (7000 and 8000 series) were designed to indirectly assess biases in the main analysis which might have resulted from the high emigration rate from the landfill area and from the possibility that the health of those choosing to live adjacent to a waste disposal facility might differ systematically from other people of similar socioeconomic status not living in the area. Other analyses were confined to the main study groups. These included hypothesis-generating analyses; analyses checking the specificity of associations between landfill exposure and the main health problems (through analyzing conditions not expected to be related to exposure); and medical chart abstraction for recall bias. In all, five criteria for causation (strength of association, gradient, temporality, specificity, and consistency) and three sources of bias (recall, migrator, and risk-taker bias) could be addressed through this analytic strategy.
Cox proportional hazards models (20) were employed in the main analyses. All biologically plausible confounders were entered stepwise, with a p to enter of 0.10 and a p to remove of 0.15. Important factors (such as smoking in respiratory disease) were forced into the model regardless of their statistical impact. Follow-up began with the year of first residence at the landfill site or control community. Only current residents of the landfill (1000 to 4000 series) or controls (5000 and 6000 series) were included. For those who lived in either community before 1971, 1972 was taken as the first year at risk. Follow-up went until the year of interview (1984) . Only first incident events occurring after first residence at the landfill site or control community were included in the analysis. When biologically related groups of health conditions were analyzed, only the first eligible incident event during the follow-up period was counted. Those reporting first events prior to exposure did not contribute risk time to the analysis. Smoking history, work history, and other risk factors with a cumulative impact were considered for inclusion even if they occurred before first residence in the community of interest.
The relative risk was derived from the exponent of the hazard function in the Cox model. P-values were based on the Z score from the ratio of the partial coefficient for exposure group, given the confounders, to the standard error of the coefficient.
An alpha level of 0.01 was adopted to simultaneously account for multiple testing of five organ-system groups and for four to five conditions within each organ-system group among the main hypotheses. The secondary hypotheses were declared positive if p < 0.05/n where n was the number of secondary hypotheses. This approach was appropriate for multiple testing by organ system. However, it is conservative within an organ system, since the assumption of independence of symptoms is likely to be violated.
Subanalyses were conducted only on organ-system groups, using Cox proportional hazards models with the same confounding variables as in the respective main analyses. Specific approaches are described in the results section.
Reproductive Problems. A reproductive mini-questionnaire was included to screen for evidence of adverse outcomes associated with residence adjacent to the landfill site. The pregnancy experience of all females in the study households was solicited from 1968 to the date of interview. Those preganancies occurring after first residence in the qualifying household were included in the analysis. The main study groups (1000 to 4000 series and 5000 to 6000 series) were compared by risk factors using simple univariate techniques. Negative pregnancy outcomes considered in the analysis included low birth weight, stillbirth/spontaneous abortion, and the presence of any major or minor birth defects. These too were compared using simple univariate techniques as an initial screen. Multivariate analyses and clinical follow-up were to have been contemplated if any positive results emerged from univariate analyses.
Medical Chart Abstraction. The approach taken to medical chart abstraction in the workers study had two basic flaws: abstractors were unblinded to respondent self-reports, and underreporting of health problems could not be reliably assessed. The approach taken in the residents study overcame these problems. The twin objectives of blinding abstractors to study subjects' reported complaints and of obtaining parallel data on respondent under-and overreporting were achieved by abstracting a limited number of health conditions.
All conditions on the questionnaire were grouped by organ system or biologically related cluster, and two groups that were thought to be least relevant among a young population were excluded: cardiac and arthritic complaints. The rest of the conditions were divided into nine groups: respiratory, hematologic, renal, digestive, skin, head and neck, central nervous system, peripheral nervous system, and psychological. Two conditions were randomly sampled from each of these nine groups. The first condition was designated for abstraction, while the second was kept as an alternate. The alternate condition substituted for the designated condition if the number of abstractable events for the designated condition was less than 30 or more than 100, or if it was found to be a subsidiary symptom to a variety of conditions not being abstracted (and was thus unabstractable).
The final list of abstracted conditions included: pneumonia, including bronchopneumonia; nosebleed (not from injury); needing to get up more than once at night to urinate; loss of weight; recurrent or severe problems with unusual acne; prolonged, irritated sore throat; ringing in the ears or tinnitus; constant fatigue, lethargy, or drowsiness; and numbness, fatigue, tingling, prickling or loss of sensation on arms or hands.
The study investigators developed new guidelines for confirmation, possible confirmation, and nonconfirmation for each of the conditions. Ten nurse abstractors pretested the instruments on a total of 21 family physician charts not included in the main abstraction study. Before beginning the study, a reliability workshop was held in which each abstractor reviewed six charts from the main study sample. No discussion was allowed between abstractors. A second reliability workshop was conducted 6 weeks later at the end of the abstraction study, using the same format and the same six charts as previously. The time and mass of work (34 abstractions each) in the intervening 6 weeks made abstractor recall unlikely. The data from the workshops was used to calculate pretest and post-test reliability of the tools for abstraction, and also to estimate intra-abstractor reliability. 24 .6% of exposed individuals and 21.4% of controls.
Results
No differences were seen in the proportion of subjects born outside of Canada. Small differences were found in the proportion of individuals whose first language was English (77.9% of exposed, 80.8% of controls). The most common second language of both communities was Italian.
The modal age at first residence was 26 to 30 for all groups. The controls were slightly older than the exposed groups; 11.1% of controls and 9.7% of exposed were over 45, while 29.1% of exposed and 20.5% of controls were under 25 at the time of first residence. Gender balance was similar: 47.7% of exposed adults and 49% of controls were male.
HEALTH HABITS. No differences in drinking habits were found. Among the exposed, 13 .5% were daily drinkers and 19.4% were abstainers. Among controls, 13 .1% drank daily and 16.8% abstained. Forty percent of exposed adults, but only 26.8% of controls, were current daily smokers. The difference in proportions who had ever been daily smokers was more similar: 56.9% of exposed and 47.3% of controls. The age of first smoking was similar for current smokers in both study groups, the modal age range being 16 to 20 years.
Main Analysis. Table 12 shows the analysis of the conditions which form the main hypotheses, as well as red, itchy eyes. This latter was included because it was the only secondary hypothesis that achieved an adequate level of statistical significance to warrant further analysis. Conditions are divided into six organ-system groups. Four of the six include more than one condition. The combined organ-system variables counted the first event among the contributing conditions that occurred after first residence in the qualifying household. Only the exposed group (1000 to 4000 series) and controls (5000 to 6000 series) were included. Analysis of conditions within the organ-system groups were used to identify those that contributed most to the exposed-control differences. This purpose was largely descriptive, but an alpha level of 0.01 was applied to identify which conditions could be thought to be independent contributors. Table 12 shows positive associations between residence adjacent to the landfill and five of six organ-system groups: respiratory, skin, narcotic symptoms, mood symptoms, and red, itchy eyes. Each association was strongly positive, with relative risk greater than 1.50 and p < 0.001. Between-group differences in respiratory health were not found among smokers and nonsmokers when compared separately. In fact, smoking status had to be forced into the model for biologic credibility, since no smoking effect was detected at all. This is likely due to the young age of the respondents. In general, crude relative risks approximated those derived from the Cox model analyses. All crude relative risks were within ± 0.3 of the adjusted value.
The principal contributing conditions within the respiratory group were attacks of bronchitis, shortness of breath, and periods or episodes of cough and phlegm lasting for 3 weeks or more. Recurrent or severe problems with scaly, dry, or itchy skin was the principal contributor to the skin group. Frequent or severe headaches, frequent dizziness or blurred vision, and constant fatigue, lethargy, drowsiness were the principal contributors to the narcotic group. Frequent feeling of anxiety or depression and frequent feelings of irritability were the principal contributors to the mood group.
Subanalyses were carried out on the combined respiratory, skin, narcotic, and mood groups as well as red, itchy eyes, but not on the individual conditions within those groups. Muscle weakness was excluded from further analysis. Gradient Analyses. Tables 13 and 14 relate to risk by proximity of residence to the landfill and duration of residence adjacent to the site. Table 13 gives three-point analyses by those living within 500 meters ofthe landfill (1000 and 2000 series), 500 to 750 meters from the landfill (3000 and 4000 series), and controls. Statistical meth- bp -Based on Z-distribution, one-tailed. Table 13 , but is confined to the long-term exposure subgroups (1000, 3000, and 6000 series). Highly statistically significant, monotonic linear trends are evident in all analyses. When those who spent less than 3 years in their qualifying community during the peak period of dumping were considered, no linear monotonic trends were found. These data support a duration of residence gradient for the main health conditions of interest. Analyses comparing long-term directly with short-term residents were avoided because they involved nonconcurrent comparisons. It was not thought safe to assume that the level and type of exposure to landfill emissions was constant at all times. Thus, short-term exposure may have been confounded by higher (or lower) average emissions.
The gradient by proximity to landfill is also addressed in Table 15 . In this analysis, the designation of household by subgroup was replaced by the distance of each individual home from the closest edge of the landfill. This allowed calculation of a monotonic trend within the a Based on the slope of the exponential coefficient for distance from landfill, given confounding variables, in the proportional hazards model. This should be interpreted as "for each 100 meters from the landfill, the risk decreased X% from the level 100 meters closer." exposed group, free of confounding due to differences with the controls. The analysis suffers from the weakness that the sample of landfill area residents was not identified at the outset of the study to meet criteria for it. In particular, we did not extend sampling beyond 750 meters and into areas we thought were unexposed. Also, we had not assumed that meteorologic patterns in the area would distribute airborne pollutants in a monotonic decline, meter-to-meter from the landfill. Nonetheless, Table 15 shows a montonic trend in risk reduction by distance from the landfill for respiratory, narcotic, and mood symptoms among long-term residents. The trend of skin symptoms was much weaker, as expected from previous analyses. The trends among short-term residents were weak, and were not in the direction of risk reduction by distance from the site. These results suggest a gradient of effect by proximity to the landfill site for the long-term residents.
Analysis of Events Occurring Before 1981. Table 16 repeats the main analyses including only health events occurring before 1981. Thus, the analyses are confined to the time when the landfill site was open to waste disposal. Since most of the conditions contributing to the organ-system groups (and red, itchy eyes) were acute, it could be expected that any differences seen in incidence rates should have emerged before the site closed (and presumably, exposure declined). Comparing Table 16 with Table 12 , the relative risks for respiratory, skin, and narcotic conditions increased when only events occurring before 1981 were considered. The relative risks for mood conditions and red, itchy eyes were slightly lower, but not enough to require an alternative explanation.
Migratory Effects. Table 17 compares the movers (8000 series) to the exposed group (or nonmovers) and Table 18 compares the movers to the controls. The expectation was that the movers would have similar health status to the exposed group. Table 17 shows that this was true for skin, narcotic, and mood conditions and for red, itchy eyes. Respiratory conditions differed in that there was a trend to a lower incidence rate among movers. These observations were mirrored in Table 17 where large differences in incidence rates were found between movers and controls for skin, narcotic, and mood, but not for respiratory conditions. These data suggest that migrators were more like exposed residents than controls in health status. All health problems reported from 1972 to the time of interview were included, regardless of whether or not they were reported before the household had moved to the qualifying location. This approach allowed for a concurrent analysis, based on the premise that the health of the two groups ought to be similar unless the landfill site area attracted residents who were less healthy than other members of the community. Table 20 shows no statistically significant difference in incidence rates of the main groups of conditions. Moreover, the relative risks are all close to 1.0. The landfill site area does not appear to attract people who are less healthy.
Conditions Not Thought to be Related to LandfiU Site Exposure. Twenty-five conditions met the criteria described in the Methods section as "not being related to landfill site exposure" and were analyzed to answer the question, "Are differences found between the exposed and control groups in the main analyses merely a reflection of global increases in health problem reports, or are they specific to the hypothesized conditions?" Ten of these conditions were subjective in nature, and 15 were disease labels. To answer the question, the data were interpreted as a whole, rather than condition-by-condition. Ten risk ratios were below 1.0 and 15 were above 1.0, suggesting no overall trend among these conditions. However, risk ratios greater than 4.0 are found for three conditions: loss of appetite, loss of weight, and burns requiring admission to hospital. These conditions were missed in the hypothesisgenerating exercise because they did not seem to have biological credibility as outcomes of airborne or recreational exposure to an uncharacterized mixture of volatile organics, dust, and fumes.
Pregnancy. Tables 21 through 23 outline the pregnancy experience of all women in the study. Pregnancies were included if they terminated on or after the year of first residence in the house that qualified a woman for study. For exposed, control, and migrator pregnancies, 1976-80 was the most prevalent period of termination followed by . The modal age of exposed and control mothers at onset of pregnancy was 25-29, followed by 30-34 and 20-24. A higher proportion of control women than exposed were 35 or over (10.4% and 4.4%, respectively).
No differences were seen between exposed and control women in their experience with seven medications, five diseases, and 14 chemical exposures of particular interest in reproductive outcome (Table 21 ). There were no differences in smoking and alcohol experience during pregnancy. Table 22 shows that the distribution of live births, stillbirths, miscarriages, and abortions did not differ between groups. The trend was toward higher overall rates of adverse pregnancy outcome in the controls. In addition, there was no trend toward lower birthweight among the exposed mothers. Most of the low birthweight babies in both exposed and control groups were also preterm. Table 23 shows the site of each reported birth defect and the number of pregnancies resulting in birth defects. No unique or unusual pattern of birth defects was noted, and no increase in total birth defects was seen. Once again, the trend was toward an increased adverse pregnancy outcome in the controls. In summary, there was no evidence of a relationship between residence adjacent to the landfill site and adverse pregnancy experience.
Medical ChartAbstraction Study. The medical rec- Based on "never" versus all others (exposed and controls). eX2 Based on "none" versus all others (exposed and controls). ords of340 respondents (219 exposed, 131 controls) were reviewed for a total of3060 individual decision regarding over-or underreporting (340 x 9 conditions). The completion rate was 98%. A total of 2804 decisions about adults were analyzed (302 related to overreporting, 2502 related to underreporting), instead of 3060. This exclusion of 8.4% of decisions was based on an editing step which intervened between data collection and analysis. The written description of information found on each chart was reviewed, and where the confirmation categories and methods artificially created over-or underreporting errors, the decision was excluded. For example, many underreports of red, itchy, watery, sore, dry or inflamed eyes resulted from individuals reporting hayfever on the questionnaire instead. When selected for medical chart abstraction, red, itchy eyes would be confirmed, based on the descriptions of symptoms found by the abstractor. When this confirmation was merged with questionnaire data, no self-report ofred, itchy eyes would be found, and the events would appear to be underreported. Therefore, such events were excluded from the analysis of medical chart abstraction data. Table 24 gives separate summary tables for over-and underreporting. No evidence of bias was seen in over- or underreporting among adults. 37.5% of reported conditions were overreported among the exposed group, while 39.3% were overreported among the controls. The rate of underreporting was 10.9% for the exposed and 11.3% for the controls. Reliability workshops were held before fieldwork began and after it was completed in order to assess interand intra-abstractor reliability. A total of 46 individual decisions were made by each abstractor on 6 selected medical charts. The same charts were used for both workshops. Confirmations were scored as "1"; possible confirmations as "2"; and nonconfirmations as "3." Intraclass correlation coefficients were calculated according to the method of Winer (23) to assess interabstractor reliability. The intraclass correlation coefficient between decisions was 0.73 in the first workshop and 0.65 in the second, indicating a moderately high level of reliability. Intra-abstractor reliability was assessed using the agreement between specific decisions made in each workshop. Overall, agreement occurred in 87% of pairs of decisions, and the unweighted kappa (24) was 0.76 (95% confidence limits, 0.70-0.82). Moreover, there was no bias in the disagreements between the first and second workshop. Individual observer reliability ranged from acceptable (kappa = 0.52) to excellent (kappa = 0.96). Table 25 summarizes the results of hypothesis testing. Nine criteria are identified for assessing the validity of the association between landfill site exposure and the conditions of interest, based on the following concepts: strength of association, consistency with the workers study, gradient of exposure, lack of migrator bias, risk occurring first when site was open, no evidence that less healthy people moved to the landfill area, specificity, and absence of recall bias. These latter two criteria apply generally to ali conditions rather than to each condition individually. Specificity was assessed by look- ing for associations between landfill exposure and conditions not believed to be related to an environmental exposure. The investigation of recall bias was based on comparisons of questionnaire responses with medical records, according to defined categories of confirmation and nonconfirmation. Strength of association was determined by the magnitude of relative risk and the level of statistical significance of the findings. Migrator bias was assessed by comparing health events among movers versus nonmovers separately for those events occurring before the landfill site closed and then after it closed. Table 25 shows that all criteria were fulfilled by the combined narcotic group of conditions. Red, itchy eyes fulfilled the fewest criteria, while the respiratory, skin, and mood conditions fulfilled most criteria. These results imply that the association between landfill site exposure and the narcotic conditions is most valid, followed by respiratory, skin, and mood conditions. Evidence of a valid association is weakest for red, itchy eyes.
Discussion
The strength of the evidence for valid associations between residence adjacent to the landfill site and conditions identified in Table 25 is reduced by three principal problems: the high refusal rate among the control population; socioeconomic status differences between the study groups; and the fact that the conditions found in excess are imprecisely defined and potentially interchangeable with other conditions. Offsetting these problems are the multiple criteria used to assess the hypotheses, which were identified and evaluated according to preset rules. The principal problem, however, is found in trying to relate valid associations to causation. Two competing causes may be proposed: airborne contact with an unknown combination of vapors, fumes, and particulate matter emanating from the landfill site, and direct skin exposure from recreational activities in and around the landfill; or the perception of exposure and, therefore, of risk, may have led to an increased tendency on the part of exposed residents to notice new health problems, become concerned about them, and subsequently report them in a health survey.
This study permits an indirect assessment of the evidence for each potentially causal mechanism. There are five lines of reasoning that suggest a chemical mechanism:
The gradient of risk by proximity to the landfill site would be difficult to explain on the basis of perception of risk alone. While perception of risk may be directly related to proximity to the landfill, it is difficult to believe that the relationship could be precise enough to explain the gradient by house distance from the landfill and the fact that the gradient effect involved only longterm residents.
Biologic plausibility is difficult to evaluate when the exposures relate to more than 100 substances and the adverse effects are common and nonspecific. However, it is difficult to explain how a perceptual mechanism could have selected for those conditions which could also be related to environmental exposure without including more of the other conditions on the questionnaire that could not be plausibly related to environment exposure.
The consistency of symptoms between workers and residents was remarkable, considering the lack of social contact between them and the differing attitudes to the potential for risk expressed by members of the two groups. Despite the fact that a previous health survey of a minority of residents was conducted by the residents themselves, and the results published, the conditions found in excess in our study did not confirm their results. Had our study confirmed the previous study's results, the most likely explanation would have been that the residents had learned the symptoms through publicity. Rather, the conditions found in excess in our study were largely unrelated to those found in excess on the residents' original survey.
Were there to have been a significant perceptual component to the associations found in our study, this ought to have been reflected in evidence of recall bias on medical chart abstraction. This was not the case.
In contrast, there are four lines of reasoning which can be offered to support the case for a perceptual mechanism:
There has never been any evidence presented to show that residents or workers were exposed to airborne concentrations of any substances in sufficient concentration to cause the health problems found in excess in this study.
The health problems found in excess in this study can all be well explained by behavioral mechanisms. None uniquely requires chemical exposure and none is based on evidence of human tissue damage.
The same objections which were raised regarding the validity of the association between landfill site exposure and the health problems of interest can also be raised as issues in causation. In particular, the socioeconomic status differences between groups and the unblinded study design may influence perceptual and behavioral factors that affect one's experience and recall of symptoms. Review of medical records would not necessarily be able to detect such an effect, assuming that individuals did in fact seek medical assistance for their identified health problems.
The analyses relating to migrator bias did demonstrate that nonmigrator tended to have higher rates of first onset of health problems than migratory, after the landfill had been closed. Three hypotheses were advanced to explain this observation. One of the hypotheses suggested that location of residence (and thus, perception of exposure) is the crucial determining factor.
While some of the lines of reasoning presented in favor of each causal mechanism are speculative, those in support of a chemical mechanism are based on the fulfillment of preset analytic criteria for the study, which could easily have gone unmet. However, exampies exist where residents exposed to environmental chemical contamination reported excess symptoms in a way that would have appeared to point to the contamination as a cause; only to find that the original evidence of environmental contamination was incorrect, and had not occurred (18) . On the other hand, the first and second arguments for a perceptual mechanism are based on inherent limitations ofthe study which could not have been overcome by any changes in study design. The fourth argument for a perceptual mechanism is based on the last 4 years of a survival analysis, excluding the first 9 years. The simplest explanation for the results so obtained would be a survival effect, and not a phenomenon regarding perception of exposure. In the end, the strongest argument for a perceptual mechanism is the familiar evidence that psychological distress is an important correlate of perceived health status (25) . The authors of this report believe that the lines of reasoning supporting chemical causation are stronger than those that support a perceptual mechanism. It is recognized that both mechanisms could variously contribute to each group of reported symptoms to a different degree, but the nature of such relationships is presently a matter of speculation.
This study did not produce any evidence of adverse reproductive outcomes related to exposure to the landfill site. This was a very significant negative finding. There was no evidence of increases in major chronic diseases among exposed residents. The question of increased cancer risks cannot be addressed by this study because a sufficient follow-up period has not occurred between the time of first residence (1972) and the study date (1984) . Answering this question would require following-up the cohort of exposed residents over the next 10 to 20 years to assess their cancer experience, and will be hampered by small numbers identifying excesses in rare cancers.
